Individuals with social phobia fear negative evaluation, which is most directly signalled by an angry expression of the interlocutor's face. This study investigated the processing of 3 series of schematic emotional faces, which were morphed in 7 steps from a neutral face to an angry, happy, or sad face by systematically varying features of the mouth, eyes, and eyebrows. Individuals with social phobia or spider phobia rated angry faces as more arousing than controls. Social phobics did not identify angry faces faster and showed no greater latent trait to identify a face as angry than controls. ERP data showed a modulation of the face-specific Nl70 by facial emotion, although this did not discriminate social phobics from controls. Instead, phobic subjects exhibited generally increased visual PI amplitudes, suggesting a state of hypervigilance for incoming stimuli. Results are discussed in the context of psychophysiological abnormalities in the anxiety disorder spectrum.
The core symptom of social phobia is fear of embarrassment, humiliation, and negative evaluation in social interaction and performance situations. Social approval or disapproval during interactions with others is most directly signalled by facial expressions. In particular, an angry face directly signals the violation of social rules or social expectations (compare Averill, 1982 )-a situation that persons with social phobia fear.
Several studies found evidence for abnormal processing of emotional faces, in particular angry faces, in social phobia: Lundh and bst (1996) as well as Coles and Heimberg (2005) reported a recognition bias for critical compared to accepting faces in social phobia. Furthermore, an attentional bias for socially threatening words (Becker, Rinck, Margraf, & Roth, 2001; Hope, Rapee, Heimberg, & Dombeck, 1990; Lundh & bst, 1996; Maidenberg, Chen, Craske, Bohn, & Bystritsky, 1996; Mattia, Heimberg, & Hope, 1993; Spector, Pecknold, & Libman, 2003) and faces (Mansell, Ehlers, Clark, & Chen, 2002; Pishyar, Harris, & Menzies, 2004) has been observed. In a visual search paradigm, a so-called "face-in-the-crowd paradigm", persons with generalised social phobia and non-anxious controls both detected angry faces faster than happy ones in a neutral crowd, but individuals with social phobia showed an even faster response than controls (GilboaSchechtman, Foa, & Amir, 1999) .
Functional MRI studies showed enhanced amygdala activation in response to angry (Phan, Fitzgerald, Nathan, & Tancer, 2006; Stein, Goldin, Sareen, Zorrilla, & Brown, 2002; Straube, Kolassa, Glauer, Mentzel, & Miltner, 2004) or even neutral faces (Birbaumer et aI., 1998; Veit et aI., 2002) in individuals with social phobia. In a recent fMRI study, Straube, Mentzel, and Miltner (2005) observed that social phobics not only showed greater amygdala activity in response to angry faces compared to controls, but that they exhibited generally enhanced amygdala activity in response to emotional (angry and happy) faces. This finding supports the role of the amygdala in the processing of potential threats and the initiation of fear responses (LeDoux, 1998) . Furthermore, Straube et aI. found increased activation of extrastriate visual cortex regardless of facial expression, suggesting a state of alertness or hypervigilance in the visual cortex that might possibly be triggered by re-entrant projections from the amygdala to the visual system that enhance attention and perceptual processing of motivationally relevant events (Amaral, Price, Pitkanen, & Carmichael, 1992) .
Whereas several studies investigated the processing of emotional and in particular angry faces in social phobia using fMRI, to our knowledge only a few studies used event-related potentials (ERPs) to investigate abnormal face processing in social phobia (Kolassa, Kolassa, Musial, & Miltner, 2007; . The N170 is known to be a face-specific ERP component (Bentin, Allison, Puce, Perez, & McCarthy, 1996 ; however, see Kolassa, Musial, Kolassa, & Miltner, 2006) , presumably originating from posterior lateral temporal brain areas, possibly in the inferior temporal gyrus (compare also Henson et aI., 2003; Schweinberger, Pickering, Jentzsch, Burton, & Kaufmann, 2002) . Recently, evidence has accumulated that the NI70 amplitude is modulated by facial emotion if the emotion of the depicted face is task relevant (Batty & Taylor, 2003; Blau, Maurer, Tottenham, & McCandliss, 2007; Caharel, Courtay, Bernard, Lalonde, & Rebai, 2005; Pizzagalli, Lehmann, Koenig, Regard, & Pascual-Marqui, 2000) . Furthermore, it has been shown that social phobic individuals show enhanced right temporo-parietal NI70 amplitudes to angry faces if the emotional content of the face stimulus is the explicit focus of attention . However, when using schematic instead of photographic faces no such effect was observed (Kolassa et aI., 2007) .
The PI is known to be attention sensitive (see Luck, Woodman, & Vogel, 2000; Mangun, 1995 , for reviews), and measures early attention allocation in the extrastriate visual cortex. Smith, Cacioppo, Larsen, and Chartrand (2003) showed that the brain differentiates positive and negative stimuli extremely rapidly « 120 ms) and that this differentiation is reflected in the modulation of PI amplitude: larger PI amplitudes to frequent and to rare negative stimuli compared to rare positive stimuli were observed.
Furthermore, PI has been shown to be modulated by personal affective judgement of faces as liked or disliked (Pizzagalli, Regard, & Lehmann, 1999) . Images of fearful faces, relative to neutral faces, elicit a higher global field power approximately 130 ms after stimulus onset, corresponding to an increased PI component over lateral occipital electrodes, with neural sources located within the extrastriate visual cortex (Pourtois, Dan,Grandjean, Sander, & Vuilleumier, 2005a) . Moreover, the presentation of fear cues such as fearful faces relative to neutral faces seems to facilitate the sensory processing of stimuli occurring in the same location (Pourtois, Grandjean, Sander, & Vuilleumier, 2004) . This sensory facilitation was reflected in enhanced lateral occipital PI amplitudes when a bar, which had to be judged regarding its orientation, replaced a fearful compared to a neutral face (Pourtois et aI., 2004; Pourtois, Thut, Grave de Peralta, Michel, & Vuilleumier, 2005b) .
In an experiment using schematic face stimuli, Kolassa et al. (2007) observed generally enhanced PI amplitudes in social phobic persons compared to non-phobic controls in response to angry, happy and neutral schematic faces, which is consistent with the findings of increased extrastriate visual cortex activation in social phobics when viewing pictures of faces (Straube et aI., 2005) .
This study was an extension of the study by Kolassa et al. (2007) , which investigated the processing of schematic faces in social phobia. The present study aimed at investigating a possible interpretation bias in social phobia by using schematic faces with varying degrees of ambiguity. This interpretation bias should be expressed as differences in latent classification traits and reaction times between social phobic and control participants. In addition, we sought to elucidate the electrophysiological correlates of such an interpretation bias. Three series of schematic face stimuli were used, which-starting from the picture of a neutral face-were morphed into increasingly pronounced angry, happy, or sad faces by systematically varying the shape of the mouth, the shape of the eyes, and the angle of the eyebrows. The advantages of schematic stimuli are that they reduce the depicted object to its essential components. Schematic stimuli show less variance: in the case of facial stimuli there is no confounding of ethnicity, gender, familiarity of faces, or sympathy effects. Furthermore, it is possible to design different emotional faces consisting of visual elements that are as similar as possible, avoiding differences in spatial frequency. The schematic faces used were prototypic line drawings of facial expressions, which provide enough information for the recognition of emotional expression (Ohman, Lundqvist, & Esteves, 2001) . It has been shown in previous studies that schematic threatening faces are detected faster than non-threatening faces in nonphobic control persons (Ohman et al., 2001; Schubo, Gendolla, Meinecke, & Abele, 2006) and that this detection advantage is not present for key features of threatening faces when presented outside the perceptual gestalt of a face (Schubo et al., 2006) . Furthermore, in studies with social phobic individuals, such simplified threatening face stimuli elicited differential brain responses in social phobics relative to healthy control subjects (Straube et al., 2004) .
Several studies have shown that individuals with social phobia are more likely to misinterpret ambiguous social situations as more threatening and to draw more negative inferences from available social stimuli than controls (Amir, Foa, & Coles, 1998a , 1998b Stopa & Clark, 2000) . Indeed, during ambiguous social situations, non-anxious individuals are characterised by a benign on-line inferential bias, i.e., when ambiguous information about social situations is first encountered they draw positively biased inferences; however, people with social phobia showed no evidence of making on-line emotional inferences, leading to the conclusion that the benign on-line inferential bias is impaired in people with social phobia (Hirsch & Mathews, 2000) . To our knowledge, a similar (negative) interpretation bias for facial stimuli has not been investigated so far. The present study thus became the first to investigate the processing of morphed schematic faces in (a) nonphobic control persons and (b) social phobic individuals.
We expected social phobics to classify faces more easily as angry than the other groups. We were also interested in corresponding response latencies and the N 170 and PI amplitudes of facial ERPs. We hypothesised that social phobics would identify angry faces faster than happy, neutral, or sad faces. Furthermore, we expected increased PI amplitudes in individuals with social phobia in response to faces in general and increased N170 amplitudes in response to angry faces in particular.
METHODS

Subjects
Forty-five subjects, age range 19-34 years (M = 23.02 years, SD = 3.57), were recruited from the university student community by announcements on public boards, in lectures, and newspaper advertisements. Forty-three subjects were right-handed and two left-handed as measured by the Edinburgh handedness inventory (Oldfield, 1971) . Three groups were investigated: 15 individuals with social phobia (8 female, 7 male), 15 individuals with spider phobia (7 female, 8 male) as an additional phobic control group, and 15 non-phobic control subjects (8 female, 7 male). All participants provided informed consent and the experimental procedures were approved by the ethics committee of the University of Jena. Subjects were paid €6 per hour for participation. Additionally, social phobic patients were offered a lO-session social skills group training (Hinsch & Pfingsten, 2002) , and spider phobic individuals could participate in a one-day spider phobia treatment (Ost, 1989) .
In a preliminary interview, all subjects were screened with the Structured Clinical Interview for DSM-IV (SCID-I; Wittchen, Wunderlich, Gruschwitz, & Zaudig, 1997) . Social phobic participants fulfilled DSM-IV (American Psychiatric Association, 1994) criteria for social phobia, and participants with spider phobia met DSM-IV criteria for specific (animal) phobia. Phobic participants had no current symptoms or history of other major axis-I disorders. Non-phobic controls also had no current or known history of major disorders according to DSM-IY. Subjects completed the Social Phobia and Anxiety Inventory (SPAI; Fydrich, 2002; Turner, Beidel, Dancu, & Stanley, 1989 ) the Spider Questionnaire (SPQ; Klorman, Weerts, Hastings, Melamed, & Lang, 1974) , the Beck Depression Inventory (BDI; Hautzinger, Bailer, Worall, & Keller, 2000) , the State Trait Anxiety Inventory (STAI; Laux, Glanz; mann, Schaffner, & Spielberger, 1981) , and the Fear Survey Schedule (FSS; Wolpe & Lang, 1964) , which covers the range of the most common sources of anxiety. See Table 1 for mean questionnaire values and standard deviations.
Stimuli
Three series of schematic faces were designed (see Figure 1) , which-starting from the picture of a neutral face-were morphed into more and more intensely angry, happy, or sad faces by systematically varying the shape of Notes: The German scores of the Social Phobia and Anxiety Inventory (SPAI) were transformed into the original scores (Turner et aI., 1989) . STAI-T = State-Trait Anxiety Inventory-Trait Version; BDI =Beck Depression Inventory; SPQ = Spider Questionnaire. Tukey HSD post hoc tests: *Control group differs from social phobics (p < .001). tControl group differs from spider phobics (p < .02). +Social phobics differ from spider phobics (p <.05). the mouth, the shape of the eyes, and the angle of the eyebrows across a series of 6 pictures. The schematic faces were designed following Lundqvist, Esteves, and Ohman (1999) and Ohman et al. (2001) . Stimuli were about 16 cm in height and 19 cm in width.
Emotional Faces
Procedure and paradigm
During the testing session, subjects sat in a comfortable chair in a soundattenuated and electrically shielded room. Stimuli were presented on a 20 inch Sony monitor (resolution 800 x 600) with the software ERTS (Experimental Runtime System, Version 3.18, BeriSoft, Germany). The distance between the computer monitor and participant's eyes was about 1.1 m. Before the actual experiment started, each picture was rated on affective valence and arousal with an adapted version of the Self-Assessment Manikin scale (SAM; Bradley & Lang, 1994; Lang, 1980) . The SAM is a relatively culture-free pictographic assessment instrument, which has been used in various emotion studies. Subjects sat in front of the stimulation computer screen with a paper version of the SAM rating scale lying in front of them. Facial stimuli were presented in pseudorandomised order on the screen for 10 s followed by a 12 s inter-stimulus interval. There were three different pseudorandomised versions of stimulus order, which were randomised across subjects. The subject was instructed to speak aloud the valence and arousal rating for each stimulus, which was then recorded by the experiment supervIsor.
During the actual experiment, stimuli were presented multiple times, both in random and in ascending/descending order. The sequence of orders was randomised across subjects. Because results of both orders were very similar, only the data of the randomised design will be presented here. Each one of the 6 stimuli of the 3 schematic emotional face series as well as the single neutral face was presented 15 times, which makes a total of 6 x 3 x 15 + 1 x 15 = 285 trials. Identical facial stimuli were never presented twice in a row.
Each stimulus was presented for 3 s, during which the subject pressed one of four buttons to classify the face as either happy, angry, sad, or neutral as quickly as possible. Because this paradigm measures a person's subjective judgement, there is no right or wrong answer in a trial. However, we wanted to exclude trials on which subjects had mistakenly pressed the wrong key. Therefore, after each trial the question "Correct/Incorrect?" appeared for 2 s (plus an exponential distribution with mean 0.5 s, truncated at 1 s as realised by ERTS, Experimental Runtime System, version 3.18, BeriSoft, Germany) on the screen and subjects had to indicate, again via a key press, whether their choice had been correct or whether they had pressed a wrong button by mistake. Pressing either of the two keys on the left indicated that their response was correct; pressing either of the two keys on the right indicated that it was incorrect. Before the actual experiment started, partIcIpants performed a training task, which they could repeat as often as they judged necessary.
Assessment and analysis of EEG
EEG was recorded using 62 Ag/AgCl electrodes mounted in an Easy-Cap (Falk Minow Services, Germany) according to the international 10-10 system (Chatrian, Lettich, & Nelson, 1988) with additional non-standard electrodes (AFl, AF2, P01, P03) at frontal and occipital sites spaced equally between the standard electrodes. Cz served as the reference electrode, and a ground electrode was placed at the forehead. All electrode impedances were kept below 5 kO. Vertical and horizontal electro-oculograms (VEOG and HEOG) were recorded for off-line correction of eye movements and blink artefacts. Synamp amplifiers (Neuroscan) were used for EEG and EOG acquisition. All signals were sampled continuously in AC-mode at a rate of 500 Hz (gain = 1000, low pass filter = 70 Hz, high pass filter = 0.05 Hz). Data acquisition was performed with Acquire 4.1.1 (Neurosoft):
Offline, EEG raw data were filtered (low pass = 30 Hz, 24 dB/oct, high pass = 0.1 Hz, 24 dB/oct, 50 Hz Notch), segmented (200 ms pre-to 1300 ms post-stimulus), corrected for blinks and eye movements (Gratton, Coles, & Donchin, 1983) , and screened for artefacts using Brain Vision Analyzer 1.04 (Brain Products GmbH, Germany). Trials containing artefacts (minimal allowed amplitude-ISO !lV, maximal allowed amplitude 150 !lV, maximum voltage difference between neighbouring sampling points 50 !lV, maximal allowed absolute difference of two values in a segment 150 !l V) or those that subjects had indicated as being wrong responses were rejected. Altogether, 11.8% of total trials were excluded. Artefact-free EEG epochs were averaged depending on subjects' categorisation of faces as angry, happy, sad, or neutral (response-dependent analysis). Grand means are based on the following number of trials: 2193 faces classified as angry, 2849 as happy, 3524 as sad, and 1995 as neutral. All epochs were aligned to the 200 ms pre-stimulus baseline and then rereferenced to an average reference. Data of 3 subjects (1 control, 1 social phobic, 1 spider phobic) had to be excluded due to severe occipito-parietal alpha activity. Grand averages were calculated for each individual and each condition and peaks were detected semi-automatically within certain time intervals. N170 peaks were detected at leads P7 and P8 within the time interval 120-200 ms; PI and P2 amplitudes were detected at electrodes 01, Oz, and 02 within the time intervals 50-120 ms (PI) and 170-250 ms (P2), respectively. Subsequent visual inspection ensured that peaks were detected correctly.
Statistical analysis
For data analysis, linear mixed effects models (Laird & Ware, 1982) were implemented using SAS 9.1 (SAS Institute, Inc.). In all analyses of variance (ANOVAs) and analyses of covariance (ANCOVAs), Subjects served as a random effect, whereas all other factors were fixed effects. Linear mixed models are particularly well suited for repeated measurement designs within the same individual that can lead to positive correlations between measurements. Significant effects in an ANOVA were further analysed by calculating contrasts, where rejection of the null hypothesis was controlled by Holm's sequential rejection algorithm (Holm, 1979) . Original p-values that remained significant after IX-correction are reported below.
Valence and arousal ratings were analysed by an ANCOVA with betweenfactor Group and repeated-measures factors Emotion (angry, happy, sad) and Picture (Pictures I to 6). Valence and arousal ratings of neutral faces were used as covariates in the respective ANCOVAs. The criteria of homogeneity of slopes and common covariate group means were fulfilled.
For the analysis of stimulus classifications, a modified mixed Rasch model was used for each stimulus series. The probability that a subject would classify a stimulus as a certain emotion was modelled as exp(z)/(l + exp(z)), where z = IXsoXso + IXSpXSp -Lj OjXj + S. In this formula, IX denotes the groups' latent traits with the control group's trait set to 0, OJ the ith stimulus item difficulty, S a normally distributed error term with mean 0 and all x indicator variables. Trials in which the subject indicated that the answer was wrong were excluded from analysis, and model parameters were fitted with the nonlinear mixed models procedure of SAS 9.1 (SAS Institute, Inc.; see Wolfinger, 1999) .
For the analysis of response latencies, all trials were excluded in which subjects gave no response, the subject indicated that the answer was wrong, or the reaction time was below 150 ms or 3 SDs distant from the individual mean. Reaction times were analysed in two ways: first, depending on the stimulus-type presented (stimulus-dependent analysis) and second, depending on the subject's response (classification of a stimulus as either angry, happy, sad, or neutral: response-dependent analysis). In the stimulusdependent analysis of RT, an ANCOVA with between factor Group, repeated measures factors Emotion and Picture, and the individual responses to the neutral face as a covariate was calculated. In the response-dependent analysis of RT, an ANOVA with between factor Group and repeated measures factor Classification (angry, happy, sad, neutral) was calculated.
PI, P2, and N170 amplitudes were analysed depending on subjects' emotional classifications. PI and P2 amplitudes were analysed by an ANOVA with between faetor Group and repeated measures factors Classification and Laterality (left, central, right). N170 amplitudes were analysed by an ANOVA with between factor Group and repeated measure factors Classification and Laterality (left, right).
RESULTS
Valence and arousal ratings
For the neutral face, mean valence rating was M = 5.27, SE = 0.11, and mean arousal rating was M = 3.16, SE = 0.20. Valence and arousal ratings of the neutral face were included in ANCOVAs for valence and arousal ratings of other faces, respectively. Adjusted mean valence and arousal ratings are illustrated in Figure 2 .
The ANCOVA with the valence of the neutral face as a covariate showed a significant covariate effect on valence, F(l, 630) = 27.57, p < .0001. . . 0001, showed that as the emotionality of the faces became more pronounced, happy faces were rated as increasingly more pleasant, whereas angry and sad faces were rated as increasingly more unpleasant (see Figure  2) The ANCOVA with the arousal of the neutral face as a covariate showed an effect of Neutral Face on arousal, F(l, 630) = 157.76, p < .0001. In addition, a main effect of Emotion, F(2, 84) = 29.97, p < .0001, was observed. Angry and sad faces were rated as more arousing than happy faces, both ps < .0001. In addition, angry faces were rated as more arousing than sad faces, p = .005. The interaction Emotion x Picture, F(lO, 630) = 3.58, p = .0001, showed that angry and sad faces were rated as increasingly more arousing as . the emotionality of the pictures increased, linear regressions with numerical pictures: ArousalAngry = 2.6 + 0.19 x Picture, slope p = .004; Arousalsad = 2.4 + 0.12 x Picture, slope p = .04. On the other hand, the arousal ratings of happy faces did not change with increasing emotionality of the happy faces, slope p = .62. Furthermore, the interaction Group x Emotion, F(4, 84) = 3.09, p = .02, showed that individuals with social phobia and spider phobia rated angry faces as more arousing than 
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Picture Picture Figure 2 . Adjusted mean valence and arousal ratings and SE for each picture in the three emotional series. Means are adjusted for the rating of the neutral face as a covariate. The SAM scale (Bradley & Lang, 1994; Lang, 1980) ranges from 1 to 9 with 1 =highly unpleasantllow arousing and 9 = highly pleasant/highly arousing. For the neutral face, mean valence rating was M = 5.27, SE = 0.11 , and mean arousal rating was M =3 .16, SE =0.20. Figure 3 , there was no abrupt change in classifications from neutral to emotional, but rather a continuous move. Angry faces were frequently misclassified as sad by all groups, whereas sad and happy faces were more unambiguously classified as the correct emotion. Spider phobics showed a larger latent trait to classify even less pronounced happy faces in the happy face series as happy, rt, = .97, p = .02. Although Figure 3 suggests a similar tendency for sad and angry faces, no such effect was significant, sad, rt, = .51, p = .26, angry, rt, = .49, p = .39.
Reaction times
Overall, subjects made mistakes (omissions and self-reported incorrect choices) in 5.0% of all trials. Groups did not differ with respect to mistakes, Kruskal-Wallis X 2 (2, N = 45) = 2.81, p = .25.
Response-dependent analysis. A main effect of Classification, F(3,
126) = 18.09, p < .0001, was observed. Faces were identified fastest as happy followed by neutral, angry, and sad faces (see Figure 4) . Contrasts revealed that happy faces were identified faster than angry, p < .0001, and sad faces, p < .0001. Furthermore, neutral faces were also identified faster than angry, p = .006, and sad faces, p < .0001, whereas the difference happy vs. neutral, p = .08, was not significant, and angry vs. sad, p = .03, was not significant after rt,-adjustment. Although there was a tendency for individuals with spider phobia to respond faster than controls and those with social phobia, Figure 5) .
Analysis of P1
The ANOVA revealed a main effect of Group' , F(2, 39) = 5.9, P = .006, and a main effect of Laterality, F(2, 78) = 15.86, p < .0001. Subsequent contrasts showed that social phobic and spider phobic individuals exhibited larger PI amplitudes than controls, p = .002 and p = .01, respectively (compare Figure  6) . Furthermore, larger PI amplitudes were observed over left and right compared to central sites, both ps < .001, and PI was larger over the left compared to the right hemisphere, p = .03. There were no main effects or interactions with Classification. Because the enhanced PI amplitude in both phobic groups suggested that PI amplitude is related to phobia or increased anxiety in general and should thus covary with measures of general anxiety such as the FSS and/or the trait version of the STAI-T, separate ANCOVAs for each group with FSS and STAI-T scores as a covariate were calculated. In the social phobic group there was a significant relation between the individual score on the FSS and the magnitude of the PI, F(l, 78) = 8.85, P = .004, PI amplitude = 1.43 + 0.07 x FSS, whereas this relation failed significance in the spider phobic group, F(l, 78) = 2.26, P = .14, and was not present in the control group, F( 1, 72) = 0.14, p = .71. When interpreting this finding, one has to consider that anxiety-related psychopathology as indicated by the FSS was generally larger in spider phobics than controls, p = .02, and in social phobic than spider phobic individuals, p = .003 (comparison social phobic vs. control group, p < .0005). There was no significant relationship between PI amplitude and STAI-T, controls, F(I, 78) = 2.33, P = .13, social phobics, 
Analysis of N170
The ANOVA showed a main effect of Classification, F(3, 117) = 23.18, p < .0001. Contrasts showed larger N170 amplitudes for angry than for neutral, p < .0001, happy, p < .0001, or sad faces, p = .001. In addition, larger N170 amplitudes were observed for sad than for neutral, p < .0001, and for happy than for neutral faces, p = .0006 (compare Figure 7) . The interaction Classification x Laterality, F(3, 123) = 2.73, p = .05, revealed that the modulation of the N170 amplitude by perceived emotion was more pronounced over the right than the left hemisphere. Over the right hemisphere, angry faces elicited larger N170 amplitudes than happy faces, p < .0001, sad faces, p = .0005, or neutral faces, p < .0001, sad faces elicited larger N170 amplitudes than neutral faces, p = .0005, and happy faces larger N170 amplitudes than neutral faces, p < .0001. Over the left hemisphere a similar pattern was observed: angry faces elicited larger N170 amplitudes than happy, p = ~007, and than neutral faces, p < .0001, and sad faces elicited larger N170 amplitudes than neutral faces, p = .002, whereas the contrast angry vs. sad, p = .08, was not significant and the contrast happy vs. neutral, 
Analysis of P2
The ANOVA showed main effects of Classification, F(3, 117) = 6.41, p = .0005, and Laterality, F(2, 78) = 14.35, p < .0001, as well as an interaction of Classification x Laterality, F(6, 234) = 2.30, p = .04. Neutrally classified faces elicited largest amplitudes (M = 4.9 ~ V, SE = 0.65 ~ V), followed by sad (M=4.8~V; SE=0.65~V) and happy (M=4.4~V, SE=0.65~V) classifications, while lowest P2 amplitudes were observed for the classification of faces as angry (M = 3.9 ~ V, SE = 0.65 ~ V). Pairwise comparisons for the main effect of Classification revealed that only the differences angryneutral, p = .0001, and angry-sad, p = .0007, remained significant, while the other comparisons failed significance after <x-adjustment or were not significant. Larger P2 amplitudes over lateral (01 and 02) compared to central (Oz) electrodes were found, p = .001 and p < .0001, respectively. A trend for larger P2 amplitudes over the right compared to the left hemisphere was present, although it failed significance, p = .06. However, the interaction Classification x Laterality revealed that the classification of faces as happy elicited larger P2 amplitudes over right compared to left sites, p = .01, whereas the other comparisons failed significance after <x-adjustment (neutral), or were not significant (sad, angry 
DISCUSSION
Hypetvigilance in phobia
This study found larger early visual PI amplitudes in phobic than in nonphobic subjects when processing schematic faces, regardless of the perceived emotion of faces. It has been suggested that the PI reflects rapid global encoding processes offacial stimuli (Batty & Taylor, 2003; Halit, de Haan, & Johnson, 2000; Itier & Taylor, 2002) , which nevertheless start to differentiate among different emotional expressions (Batty & Taylor, 2003; Pourtois et aI., 2004 Pourtois et aI., , 2005a Pourtois et aI., , 2005b . However, the role of the PI in face processing is currently not well understood: Since the PI is smaller for negative (contrast reversed) than inverted or upright faces (Itier & Taylor, 2002) , and larger for unattractive and atypical faces compared with attractive and typical faces (Halit et aI., 2000) , it has been ascribed a role in global face processing; on the other hand it is also influenced by emotion (Batty & Taylor, 2003; Pourtois et aI., 2004 Pourtois et aI., , 2005a Pourtois et aI., , 2005b as well as by attention (see Hillyard, Vogel, & Luck, 1998 , for a review). The present results, demonstrating larger early visual PI amplitudes in phobic than non-phobic subjects, are consistent with previous work positing a general hypervigilance in phobic patients (Eysenck, 1991 (Eysenck, , 1992 (Eysenck, , 1997 . Our observation extends this previous work by indicating that the behavioural hypervigilance is accompanied by a "cortical hypervigilance". Correspondingly, the PI amplitude has been found to be affected by attention, and it has been suggested that it reflects an attentional mechanism of early sensory gain control or amplification (see Hillyard et aI., 1998 , for a review). Hillyard et al. (1998) suggested that the PI attention effect reflects a suppression of processing at unattended locations in order to reduce interference between attended and unattended information. It is thus possible that the attentional modulation of PI might be the basis of the cortical hypervigilance observed in phobic compared to control subjects in the present study.
This cortical hypervigilance is further substantiated by the significant positive relationship between FSS scores and the magnitude of the PI in the social phobic group. A similar trend was present in the specific phobia group, but failed significance. However, the general anxiety-related psychopathology as measured by the FSS spanned a larger range in the social phobic than in the spider phobic group, which may explain why the relationship was only observed in the social phobic group.,
In addition, social and animal phobic subjects rated threatening angry faces as more arousing than non-phobic control subjects, supporting an increased behavioural hypervigilance in phobics. Furthermore, at least for happy faces, spider phobics also classified facial emotions generally faster and exhibited a greater latent trait to classify an emotional face as emotional than non-phobics. The lack of similarly faster responses of social phobics may be due to increased depression and general anxiety-related psychopathology in this patient group, which reciprocally diminishes fear reactivity.
Increasing psychopathology along the anxiety disorder spectrum (specific phobia ~ social phobia ~ panic disorder with agoraphobia ~ generalised anxiety disorder) is a well-established finding (Brown, Campbell, Lehman, Grisham, & Mancill, 2001; Cuthbert et aI., 2003; Lang, McTeague, & Cuthbert, 2006) . Lang (1985) suggested that fearfulness, defined as exaggerated defence reactions to specific cues in the environment, varies across the diagnostic spectrum of anxiety disorders from specific phobia over social phobia and panic disorder with agoraphobia to generalised anxiety disorder. Thus, while persons with panic disorder and generalised anxiety disorder are persistently distressed and apprehensive, they para-doxically appear to be less physiologically fearful, and an inverse relationship between physiological reactivity and self-reported symptomatic distress, negative affect and the frequency of mood-disorder comorbidity across the anxiety disorder spectrum has been observed. Even within social phobia, physiological reactivity decreases as negative affect increases (see Lang et aI., 2006 , for a review of s~pporting evidence). Lang et al. (2006) showed that individuals suffering from specific phobia are most reactive to specific cues in the environment, e.g., their startle reflex was most pronounced in a startle probe modulation task involving imagery of social and survival threat. However, defensive reflexes were diminished with increasing generalised anxiety and depression. It has been shown that this reflex pattern is not specific to fear cues that are related to phobics' clinical problems (Cook, Melamed, Cuthbert, McNeil, & Lang, 1988; Cuthbert et aI., 2003) . Lang et al. (2006) suggested that generalised anxiety and comorbid depression additively attenuate startle potentiation to imagined threat in anxietydisordered patients.
No threat advantage for angry faces in social phobia
Individuals with social phobia showed neither faster responses to angry faces, nor a larger latent trait to classify a face as angry. Furthermore, social phobic persons did not differ from the control groups in their N170 amplitude to emotional schematic faces in general or angry schematic faces in particular. These observations strongly argue against an abnormal processing of angry schematic faces in social phobia. In accordance with these data, previous 'emotional Stroop studies also observed no attentional bias in social phobics when subjects were processing angry faces, which would have been reflected in prolonged response latencies when colournaming schematic angry faces or when Identifying the gender of a photographic angry face (Kolassa et aI., 2007; . Furthermore, the faster detection of happy faces than angry or sad faces agrees with the well-known faster identification of happy faces in choicereaction time tasks. Indeed, several studies reported faster categorisation of happy faces than of angry expressions (Billings, Harrison, & Alden, 1993; Harrison, Gorelczenko, & Cook, 1990; Hugdahl, Iversen, & lohnsen, 1993; Kaufmann & Schweinberger, 2004; Leppanen, Tenhunen, & Hietanen, 2003) , disgust (Leppanen ' et aI., 2003; Stalans & Wedding, 1985) , sadness (Kirita & Endo, 1995; Stanners, Byrd, & Gabriel, 1985) or emotionally neutral faces (Hugdahl et aI., 1993; Schweinberger, Baird, Bliimler, Kaufmann, & Mohr, 2003) .
The present study is the first to investigate the influence of ambiguity in schematic faces on processing in social phobia. As such, we did not have measures of ambiguity available apart from misclassifications by partici-pants. Thus, the finding that classification was faster for happy faces may just show that the happy faces were less ambiguous than the sad and angry faces, or that they were easier to distinguish from the other two categories. As long as no separate measures of ambiguity are available, it is difficult to draw inferences from this result, even in the presence of the evidence for a "happy face advantage" as detailed above.
Emotional modulation of the N170
Consistent with previous studies (Blau et aI., 2007; Caharel et aI., 2005; Kolassa et aI., 2007; , this study found a modulation of the N170 by facial emotion, with larger N170 amplitudes for angry than for happy, sad, or neutral faces, and larger N170 amplitudes for happy or sad than for neutral faces. Presumably, such an emotional modulation of the N170 is only present when the identification of the facial emotion is explicitly task relevant, which might explain why some studies did not observe such an effect (Eimer & Holmes, 2002; Holmes, Vuilleumier, & Eimer, 2003; Schupp et aI., 2004) .
Although an emotional modulation of the N170 has been repeatedly observed, it remains unclear which task or stimulus properties influence the amplitude of the N170 in response to different facial expressions. Most of the studies mentioned above vary markedly with respect to this issue: The present findings replicate and extend results of an earlier study by our group (Kolassa et aI., 2007) , where largest N170 amplitudes were found in response to angry faces and smallest in response to neutral faces, with amplitUdes to happy faces in between these two, when phobic subjects were requested to classify the emotional valence of schematic faces. However, found larger N170 amplitudes in response to happy compared to angry or neutral faces when using photographic face images in a similar design. Complicating things even more, Caharel et al. (2005) reported larger N170 amplitudes for emotional expressions of disgust than for neutral or smiling faces, while others (Batty & Taylor, 2003; Blau et aI., 2007) reported larger N170 for fearful compared to neutral facial expression. Thus, the identification of variables to explain the divergent results remains an open question, and our best hypothesis is that task is a crucial factormost importantly, explicit vs. implicit attention to the emotional content of the stimulus as well as differences between photographic and schematic stimuli seem to be a major influence on N170 modulation.
Finally, the present study did not replicate deviations of the N170 when social phobics process emotional faces, as was found by with photographic face images, but not by Kolassa et al. (2007) with schematic face stimuli. The hypothesis that this is due to the schematic face stimuli used appears warranted, but remains to be carefully investigated by future studies.
Emotional modulation of the P2
In contrast to the PI and NI70 component, the P2 component has been less frequently investigated in studies on electrophysiological correlates of facial processing. Latinus and Taylor (2005) suggested that the P2 may reflect a neurophysiological correlate of learning. They suggested that a high certainty of perception is associated with less deep processing of the stimulus, leading to lower P2 amplitudes. In contrast, less certainty of perception (as in the case of the neutral faces) would be associated with larger P2 amplitudes.
This study found a modulation of the P2 amplitude depending on the emotional perception of facial expressions as angry, happy, sad, or neutral. The largest amplitudes were observed for classifications of faces as neutral, followed by facial classifications as sad and happy, while lowest P2 amplitudes were observed for the classification of faces as angry. The classification of neutral faces may have been associated with less certainty than the classification of happy, sad or angry faces. However, this interpretation is speculative and further studies need to be conducted on the· role of the P2 in facial processing.
In a study with non-face stimuli, larger P2 amplitudes were observed for negative-arousing and lowest P2 amplitudes for positive-arousing stimuli (Carretie, Martin-Loeches, Hinojosa, & Mercado, 2001 ). The present study does not suggest a role of arousal as an influencing factor on P2 amplitudes. However, because both studies used different tasks and different stimuli -(faces vs. non-faces) the comparability of results is limited.
Conclusion
To our knowledge, this study is the first to analyse the processing of morphed emotional schematic faces in non-phobic controls and individuals with social phobia. It shows that social phobic individuals show neither a larger latent trait to classify neutral or sad faces as angry nor a larger latent trait to classify angry faces earlier in the emotional continuum as angry. Second, this study found that the classification of stimuli as angry, sad or happy does not switch abruptly once some "ambiguity threshold" is reached-rather, classification probabilities move slowly and continuously as faces are morphed. Third, a generally larger excitability of the visual cortex was observed in phobic individuals as compared to non-phobic controls when processing schematic face stimuli, suggesting different attentional allocation processes in phobic persons in general compared to controls, which is consistent with an enhanced hypervigilance in the anxiety disorder spectrum. 
